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Cardiolipin is an unusual lipid in that it is comprised of two diacylglycerols
linked by a glycerol bridge. It is in found primarily in membranes in which
electron transport is coupled to phosphorylation. There it plays a critical role
in effective functioning of the electron transport chain. The mechanism by
which cardiolipin plays this role may be through effects on bilayer properties
as well as through direct interactions with protein complexes. In this study
we investigate the influence of increasing the composition of tetramyristoyl
cardiolipin (TMCL) on the thermotropic behavior of dimyristoyl phosphatidyl-
choline (DMPC) bilayers using differential scanning calorimetry (DSC). DSC
experiments were performed using a MicroCal VP-DSC microcalorimeter.
Lipid dispersions of DMPC/TMCL were prepared in which TMCL constituted
0, 5,10, 20, 50 and 100 mole percent of the total lipid. In these studies the Tm
increased from 25 oC to 40 oC as the TMCL composition increased. Caþþ has
been shown to have a plethora of in vivo effects on biological membranes and to
induce alterations in lipid phase behavior of model membranes. Therefore we
further investigated the thermotropic behavior of DMPC/TMCL bilayers in the
presence of Caþþ. Above 20 mole percent TMCL a distinct phase separation
was induced. The effect of Caþþ on cardiolipin/PC membranes was also inves-
tigated using 6-dodecanoyl-2-dimethylaminonaphthalene (LAURDAN). These
data are consistent with an alteration of the hydration of the bilayer in the
headgroup region in the presence of Caþþ and suggest that Caþþ induces
tighter packing.
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Lamellar-Hexagonal Transition Kinetics Exhibit an Exponential Depen-
dence on Temperature
Nathan L. Meyers, Peter L. Cook, Paul E. Harper.
Department of Physics and Astronomy, Calvin College, Grand Rapids,
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Measurements of the kinetics of the lamellar-hexagonal transition have been
made for a several lipids with PE (phosphatidylethanolamine) headgroups.
These lipids have equilibrium phase transition temperatures that span a range
of about 100 C. The speed of these transitions depends exponentially on tem-
perature, with the transitions happening twice as fast with every increase of
50 C. Building on evidence that this transition occurs via a one-dimensional
pathway, we use Avrami theory to create an explicit one-dimensional theory,
with membrane pores as nucleation sites. We suspect that the exponential tem-
perature dependence is due to the energetic cost of pore formation, as the pop-
ulation of pores should be regulated by a Boltzmann factor.Protein-Lipid Interactions I
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Influenza A M2 protein is a homo-tetrameric, membrane protein that conducts
protons as one of its multiple functions. Monomeric M2 has an N-terminus that
appears to have some b-strand and cysteine disulfide linkages, single trans-
membrane helix followed by an amphipathic helix and C-terminus whose struc-
ture is largely unknown. Together, the TM and amphipathic helices are called
‘the conductance domain’’. Even though the conductance domain structure is
solved in lipid bilayers, the structure of the full-length protein is not yet fully
characterized although considerable spectroscopy of the protein has been pub-
lished showing that the transmembrane helix within the full length protein is
similar to that in the conductance domain.
Although, the effect of pH on different truncated versions of the M2 protein
has been observed, its effect on the full-length M2 in lipid bilayers is not
yet reported. Here, we present how pH affects the opening of the pore in
the full-length protein in lipid bilayers and on amantadine block of the wild
type M2 channel at pH values that correspond to open and closed states of
the channel. These changes in the backbone conformation were determined
by unambiguous, inter-monomer distance measurements using different
amino acid specific labeled monomers and solid state NMR spectroscopy.
In addition, data obtained from the drug resistant mutant (S31N full length)
is presented.Distances between the monomers to date have been sparse - these unambiguous
restraints not only enhance the structure of the protein surrounding the aqueous
pore through the membrane, but in particular there have been no high resolution
distance restraints associated with the amphipathic helix until now. Here, we
validate the orientation of the amphipathic helix using unambiguous, inter-
monomer distance measurements. Effects of environment/conditions (choles-
terol/pH) on these measurements will also presented.
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ATP-Binding Cassette (ABC) transporters constitute one of the largest protein
superfamilies and are involved in a variety of physiological processes such as
drug resistance in cancer chemotherapy and maintaining of the blood-brain bar-
rier. Mutations of these proteins are associated with many diseases including
cystic fibrosis. ABC transporters utilize the energies of ATP hydrolysis to trans-
locate ligands with diverse chemical properties (such as ions, lipids, and pep-
tides) across the membrane bilayer. An alternating access mechanism has
been proposed for their translocation mechanism, in which the protein switches
between an inward-facing state and an outward-facing state. Although several
ABC transporters have been crystallized in inward- or outward-facing states,
the mechanism and extent of the conformational changes remains uncertain.
The structure of the ABC exporter McjD from E. coli was recently published
in an outward occluded conformation (PDB ID: 4PL0). McjD confers immunity
to cells that are producing the antibacterial lasso peptide MccJ25. The cavity of
the McjD is accessible from neither the intracellular side nor the extracellular
side and may be an intermediate state between the inward- and outward-facing
states.
After manual docking of the MccJ25 peptide in the cavity of the McjD trans-
porter [1], we applied steered molecular dynamics simulations to pull the ligand
out of the extracellular side to investigate the conformational changes during
this process. The resulting putative outward-facing state opens to a lesser de-
gree than observed in outward-facing crystal structures. We repeated our sim-
ulations with different parameters and the results were reproducible. Therefore,
we propose that the large conformational changes implied by some crystal
structures are not necessary and that the transporter could accomplish the trans-
location process with minor structural changes.
[1] H. G. Choudhury, et al., Proc Natl Acad Sci USA, 2014, 111 (25), 9145-
9150.
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Prolines Around Hypothetical Active Site are Important for the Structure
and Dynamics of the Outer Membrane Protein G from Pseudomonas
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The outer membrane protein G (OprG) from Pseudomonas aeruginosa is a
beta-barrel protein hypothesized to be responsible for the uptake of hydropho-
bic compounds. A crystal structure at 2.4 A˚ resolution reveals an 8-stranded
beta-barrel with four long extracellular loops and a lumen lined almost exclu-
sively with hydrophobic residues. Another interesting feature is a lateral open-
ing in the barrel wall, surrounded by three proline residues (P66, P91, P92),
which has been suggested to mediate diffusion of small hydrophobic molecules
across the outer membrane by a mechanism similar to that of E. coli FadL pro-
tein (Touw et al (2011), PLoS ONE 5(11):15016, van den Berg et al (2004),
Science 304:1506-1509). We determined the NMR structure of OprG in
DHPC micelles at pH 6.0, which shows the beta-barrel region to have substan-
tially shorter strands and longer periplasmic loops than the crystal structure. To
further investigate the properties of OprG, we mutated three prolines around the
hypothetical active site to alanines and collected 15N-1H TROSY spectra of the
mutants. The P92A mutant showed high quality spectra and was used for struc-
ture determination. Introducing the P92A mutation results in an asymmetric
elongation of the beta-barrel region and changed the hydrogen bonding network
and loops dynamics. Although the proline mutants incorporate into membranes
less efficiently than the wild-type, our single molecule tracking experiments
and fluorescence measurements indicate that they all formmultimers of varying
sizes in membranes. This study shows the importance of the prolines around the
hypothetical active site for the OprG structure and their impact on the protein’s
properties in membranes.
